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(54) Bloreactor carrier, process for producing the carrier and method for using the same 



(57) There are disclosed a bioreactor earner com- 
prising a (A) water swellable thennopiastic resin, pref- 
erably water swellable thermoplastic polyurethane resin 
and a (B) specific inorganic filler which is added thereto 
at the time of producing and/or molding said resin, char- 
acterized In that the specific gravity of the carrier on 
swelling in water is controlled within the range of 1 .02 
to 1 .35; a process for producing the bioreactor carrier; 



and a process for denitrifying treatment of organic waste 
water which comprises nitrifying and denitrifying nitro- 
gen components in the organic waste water with mi- 
crobes by the use of the above bioreactor earner. The 
bioreactor carrier has high physical strength, can be 
readily produced and uniformly fluidized in a reactor, 
and enables microbial and enzymatic reactions to be ef- 
fectively perfonned. 
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Description 

. BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present Invention relates to a bioreactor canier, a process for producing the carrier and a method for 
using the same. More particularly, it pertains to a bioreactor carrier which is imparted with water swelling properties, a 
specific gravity controlled within a specific range, and high physical strength; enables microbial reactions and enzymatic 
10 reactions to be effectively perfonmed; and moreover is readily producible, to a process for producing the carrier in high 
efficiency, and to a method for effectively cariying out denitrifying treatment for organic waste water with microbes by 
the use of the above-stated carrier. 

2. Description of the Related Arts 

[0002] The carriers to be employed in bloreactors can be broadly classified Into porous carriers and gel earners. 
Examples of the porous earners include those made of polyurethane, cellulose, polypropylene, polyvinyl formal, ce- 
ramic etc., respectively. Because of their being porous, the earners have a large surface area and In the majority of 
cases, are employed in a state of binding immobilizing animal cells, plant cells, microbes and/or protozoans onto the 

20 porous surfaces thereof. 

[0003] However, the above-mentioned porous carriers suffer from various disadvantages and drawbacks as de- 
scribed hereunder. Polyurethane and polypropylene porous bodies, because of their being hydrophobic, have inferior 
fluidity in water and in addition, make it difficult for animal cells, plant cells, microbes and/or protozoan to be bonded 
thereonto. Cellulose porous bodies are subject to attack by microbe, whereby theirservice life is unfavorably shortened. 

25 With regard to polyvinyl fomrial porous bodies, an industrial process for producing the same is not yet established. 
Ceramic porous bodies can not be fluldlzed In water due to their high specific gravity, thereby inevitably restricting the 
usage. 

[0004] On the other hand, there are known as gel carriers, those made of polyacrylamide, polyethylene glycol, pol- 
yvinyl alcohol and alginic acid, thermoplastic water absorbing bodies, etc., respectively { refer to Japanese Patent 
30 Application Lald-Open No. 136980/1 998 (Heisei-10)}. It Is a general practice to use these gel earners by entrapping 
immobilizing animal cells, plant cells, microbes and/or protozoans at the inside of the gel, and alternatively it is possible 
to use the above-mentioned can'iers by binding immobilizing animal cells, plant cells, microbes and/or protozoans onto 
the gel surfaces. 

[0005] The aforesaid gel earners, which highly contain water, generally have high affinity for Iwing matters and at 
3S the same time, impart favorable habitat to animal cells, plant cells, microbes and/or protozoans. Nevertheless, the 
physical strength is not necessarily sufficient in such carriers as those made of polyacrylamide, polyethylene glycol, 
polyvinyl alcohol and alginic acid, which bring about a fear of wear and collapse in the course of service in a reaction 
tank. In addition, the gel carriers just mentioned, when once molded into a definite shape, can not be changed to an 
other shape by remelting. Thus, such caniers are generally cut Into a required shape in the majority of cases. In fact, 
40 the gel earners suffer from serious disadvantages in that the step of cutting the water-containing and swollen gel Into 
several millimeter sized regular hexahedron requires tremendous labor and period of time with the result that the 
production thereof becomes extremely intricate and troublesome, thus necessitating maricedly long tiriie and high cost 
in production. 

[0006] As opposed to the foregoing, thermoplastic water absorbing gel carriers that are typified by thenmoplastic 
45 water absorbing polyurethane gel caniers are well suited for use as bioreactor carriers owing to such advantages as 
high physical strength, capability of industrial mass production, capability of adsorbing animal cells, plant cells, microbes 
and/or protozoans due to their hydrophilicity without deteriorating the physiological actrvity.thereof , favorable resistance 
to attack by mbrobes and the like. 

[0007] in this connection, utmost importance is attached to the specific gravity of the bioreactor carriers. For instance, 
50 the specifte gravity thereof, when being close to that of water on attaining steady state of adhesion, bonding and 
Immobilization of microbes in a reactor, gives rise to such a problem, In the case of fluldizing the liquid to be treated 
in a reactor for the purpose of reaction, that the microbes are apt to move upwards and difficult to be present In the 
lower portion, thus causing failure to assure uniform fluidity and deteriorating the efficiency of microbe reaction. 

55 SUMMARY OF THE INVENTION 



[0008] In such circumstances, an object of the present invention is to provide a bioreactor carrier which is imparted 
with water swelling properties, a specify gravity controlled within a specific range, and high physksal strength; enables 
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microbial reactions and enzymatic reactions to be effectively performed; and moreover is readily producible, to a proc- 
ess for producing the canier, and to a method for using the same. 

[0009J Other objects of the present invention will be obvious from the text of this specification hereinafter disclosed. 
[0010] In order to achieve the above-mentioned objects, research and Investigation were Intensively and extensively 

s accumulated by the present inventors. As a result, it has been found that a bioreactor can-ier which confonns to its 
purpose of application is obtainable by adding a specific inorganic filler to a water swellable thermoplastic resin such 
as water swellable thermoplastic polyurethane resin at the time of producing the resin and/or molding the same; con- 
trolling the specific gravity within a specific range; and thereafter molding the mixed resin into a desirable form by 
means of an extruder, and at the same time that organic waste water can effectively be subjected to denitrificatlon 

10 treatment by using the molding thus obtained as a canier for immobilizing microbes in nitrifying and denitrifying nitrog- 
enous components In the organic waste water. The present invention has been accomplished on the basis of such 
findings and information. 

[0011] That Is to say, the present invention provide: 



(1) .a bioreactor carrier comprising a (A) water swellable thermoplastic resin and (B) at least one inorganic filler 
which is added thereto at the time of producing and/or molding said resin and which is selected from the group 
consisting of barium sulfate, silica, Icaolin, quarts sand, diatomaceous earth, barite, talc, alumina, titanium dioxide 
and iron oxides, with the proviso that any of barium sulfate, kaolin, diatomaceous earth and talc, when being added 
thereto at the time of molding, is subjected to dehydrating treatment in advance, characterized In that the specific 
gravity of said carrier on swelling in water is controlled within the range of 1 .02 to 1 .35; 

(2) a process for producing a bioreactor carrier the specific gravity of which on swelling in water is controlled within 
the range of 1 .02 to 1 .35. comprising the steps of blending at least one inorganic filler selected from the group 
consisting of barium sulfate, kaolin, diatomaceous earth, talc, each of which has been subjected to dehydrating 
treatment, silica, quarts sand, barite, alumina, titanium dioxide and iron oxides with a water swellable thennoplastlc 
resin; thereafter heat melting the resultant blend; extruding the molten blend through an extruder into the fonri of 
strand; and continuously cutting the strand; 

(3) a process for producing a bioreactor carrier the specific gravity of which on swelling in water is controlled within 
the range of 1 .02 to 1 .35, comprising the steps of blending at least one inorganic filler iselected from the group 
consisting of barium sulfate, silica, kaolin, quarts sand, diatomaceous earth, barite, talc, alumina, titanium dioxide 
and iron oxides at the time of producing a water swellable themioplastic resin from reaclants of said resin; thereafter 
heat melting the resultant blend as such or after further blending of said at least one inorganic filler with the proviso 
that any of barium sulfate, kaolin, diatomaceous earth and talc, when being added thereto, is subjected to dehy- 
drating treatment in advance; extruding the molten blend through an extruder into the form of strand, and contin- 
uously cutting the strand; and 

(4) a process for denitrifying treatment of organic waste water whteh comprises nitrifying and denitrifying nitrogen 
components In the organfc waste water with microbes by the use of the bioreactor earner as set forth In the pre- 
ceding item (1 ). 



BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0012] FIG.1 is a simplified process flow diagram showing one embodiment of a nitrifying denitrifying apparatus 
according to the present invention, wherein the symbols therein shall have the following designations: 

1 : biotreatment tank 
45 2: air diffusion pipe 

3: aeration pump 

4: agitation impeller 

5: agitation motor 

6: raw water tank 
^ 7: liquid transfer pump 

8: earner separation screen 

9: settling tank 

10: sludge return pump 

11 : discharge line 
55 12: canier 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[001 3] The bioreactor carrier according to the present invention comprises a (A) water swellable thenmoplastic resin 
and a (B) inorganic filler. The aforesaid water swellable thermoplastic resin as the component (A) Is exemplified by 
s water swellable thermoplastic potyurethane resin, water swellable themioplastic polyethylene glycol and the like, 
among which is particularly preferable water swellable thermoplastic polyurethane resin. 

[0014] The water swellable thermoplastic polyurethane resin as mentioned above is the polyurethane copolymer 
comprising a soft segment which is randomly top^to-end bonded by urethane bond and a hard segment. The poly- 
urethane copolymer Is synthesized by reacting a bifunctional long chain diol compound, a bifunctional diisocyanate 
10 compound and a short chain diol compound. 

[0015] The soft segment obtained by the reaction between the long chain diol compound and the diisocyanate conrv 
pound Is represented by the following general fomnula (I): 



0 0 

1 I 

— (— O— X— 0— C— NH— Y— NH— C— ) — 



(I ) 



[0016] On the other hand, the hard segment obtained by the reaction between the short chain diol compound and 
20 the diisocyanate compound is represented by the following general fonnula (11): 



25 



0 O 

1 I 

— {— 0— 2— 0— C— NH— Y— NH— C— ) 



(n ) 



wherein X in the above-mentioned general fonmulae (I) and (II) is the group which is generated by the reaction of the 
teminal hydroxy groups of the long chain diol compound with the diisocyanate, and from which the terminal hydroxy 

30 groups are removed. It Is thought that the molecular weight of X in the fomiulae exerts a remarkable Influence on the 
degree of swelling and the like of the resin. The molecular weight thereof Is in the range of preferably 1 ,000 to 13,000, 
more preferably 4,000 to 8,000. The molecular weight of X, when being unreasonably low, causes decrease in the 
molecular weight of the soft segment and as a result, gives rise to the tendency that the degree of swelling thereof is 
lowered. On the other hand, the molecular weight of X, when being higher than 13,000, brings about such unfavorable 

35 problems as an increase in the viscosity of the reactants at the time of synthesis and a rise In melting temperature. As 
the long chain diol compound to be used in the present invention, there are preferably usable a water-soluble polyoxy- 
alkylene diol (polyol), and particularly preferably usable a water-soluble ethylene oxide-propylene oxide copolymer 
polyether-based diol having two terminal hydroxy groups in one molecule, or polyethylene glycol. In particular, the 
content of oxyethylene group is preferably at least 70% by weight, more preferably at least 85% by weight. The content 

40 of the oxyethylene group of less than 70% by weight sometimes leads to the resin lowered In the degree of swelling. 
[0017] In addition, Y in the above-mentioned general fonnulae (I) and (II) is the group which is generated by the 
reaction between the diisocyanate compound usually having a number average molecular weight in the range of 100 
to 1000 and the hydroxy groups, and from which the isocyanate groups are removed. Specific examples of the diiso- 
cyanate compounds that are used in the present invention Include tolylene diisocyanate, xylylene diisocyanate, naph- 

45 thylene diisocyanate. drphenylmethane diisocyanate, biphenylene diisocyanate, diphenyl ether diisocyanate, tolldine 
diisocyanate, hexamethylene diisocyanate and isophorone diisocyanate. 

[0018] On the other hand, Z In the foregoing general formula (11) is the group which is generated by the reaction of 
the temiinal hydroxy groups of the short chain diol compound usually having a number average molecular weight in 
the range of 30 to 400 with the diisocyanate, and from which the temiinal hydroxy groups are removed. 

50 [0019] Examples of the short chain diol compound to be used in the present invention include ethylene glycol; 1 , 
2-propylene glycol ; 1 , 3-propytene glycol; 1 . 3-butanedk>l; 2, 3-butanedlot; 1 , 4'butanedlol; 1 , 5-pentanediol; 1 , 6-hex- 
anediol; 2, 2-dimethyl-1 , 3-propanediol; diethylene glycol; dipropylene glycol; 1 , 4-cyclohaxane dimethanol; 1 , 4-bis- 
(p-hydroxyethoxy)benzene; p-xylilenediol; phenyldiethanolamine; methyldiethanolamine; 3, 9-bis(2-hydoxy-1 , 
1 -dimethylethyl)-2, 4, 8, 1 0-tetraoxaspiro-(5, 5)-undecane; etc. 

S5 [0020] The ratio of the amount to be used of the long chain diol compound to that of the short chain diol compound 
can be varied according to the molecular weight of each, desirable physical properties of the resin and the like. Although 
depending upon the molecular weight of the long chain diol compound, the molar ratio of the long chain diol compound 
to the short chain diol compound is preferably iii the range of 5 : 1 to 1 : 2. In the case where the long chain diol 
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compound has a high molecular weight, since the viscosity at the time of synthesizing the themioplastic resin is prone, 
to become high, It Is preferable to decrease the molar ratio of the short chain diol compound which fonns the hard 
segment. However, in order to enhance the degree of volumetric swelling, while maintaining high physical strength it 
is preferable to inaease the molar ratio thereof. Moreover, it Is preferable that the ratio of the number of the Isocyanate 

5 groups in the dllsocyanate compound to the total number of the hydroxy groups In the long chain diol compound and 
the short chain diol compound (NCO/OH j be In the range of preferably 0.95 to 1 .B, more preferably 1 .0 to 1 .6. It being 
so, there are usable in the present invention, not only polyurethane copolymer wherein the polymer synthesis reaction 
has been completed sufficiently, but also incomplete thenmoplastic polyurethane, that Is, polyurethane copolymers 
wherein part of active groups such as isocyanate groups remain unreacted, by causing the incomplete polyurethane 

10 to be cross-linked after molding. 

[0021] As the method for producing the themioplastic polyurethane to be used in the present Invention, there are 
■ adoptable both a prepolymer method in which the long chain diol compound and diisocyanate compound are reacted 
In advance, and thereafter the reaction product is reacted with a short chain diol compound as a chain extender; and 
a one shot method in which all the starting reactants are simultaneously mixed. 

IS [0022] On the other hand, regarding the inorganicfillerasthe component (B), there is properly and optionally selected 
for use at least one member from among barium sulfate, silica, kaolin, quarts sand, diatomaceous earth, barlte, talc, 
alumina, titanium dioxide and iron oxides. In the present invention, the foregoing Inorganic filler Is used at the time of 
producing the water swellable themioplastte resin as the component (A) and/or at the time of molding for producing 
the canler. Among the foregoing inorganic filler, barium sulfate, kaolin, diatomaceous earth and talc, which usually 

20 contain moisture, need to be dehydrated in advance when being added at the time of molding, since the use thereof 
as such without dehydration causes a fear of the resin swelling. Conversely, there is no need to dehydrate any of the 
fillers just mentioned when it is added at the time of resin production. 

[0023] It Is advantageous to use the inorganic filler which has an average particle diameter in the range of preferably 
0.1 to 50 |im, more preferably 0.5 to 30 \in), and which has a specific gravity (true specific gravity, and the same applies 
2S hereinafter) of preferably at least 1 .5, more preferably In the range of 2.0 to 6.0. Examples of the specific gravity of the 
inorganic filler to be used In the present invention include 4.3 for barium sulfate; 2.2 for silica; 2.4 for kaolin; 2.56 for 
quarts sand; 2.15 to 2.31 for diatomaceous earth; 4.5 for barite; 2.6 to 2.8 for talc; 3.99 for alumina; 3.8 to 4.1 for 
titanium dioxide; and 5.2 for iron oxides. 

[0024J The content of the aforesaid inorganic filler, although depending upon the desirable specific gravity of the 
30 carrier, the specific gravity of the inorganic filler and the like, is selected In the range of generally 1 to 250. preferably 
10 to 200 parts by weight per 100 parts by weight of the component (A). 

[0025] The specific gravity of the bioreactor carrier according to the present invention at the time of swelling in water 
is controlled within the range of 1 .02 to 1 .35, preferably 1 .02 to 1 .22 so as to enable the carrier to uniformly flow In a 
reactor when the adhesion and bonding immobilization of microbes onto the earner reach a steady state in the reactor. 
35 [0026] The specific gravity of the bioreactor carrier at the time of swelling In water is obtained from the weight and 
the volume of the earner immersed in pure water at 25*'C by regarding the volume which does not change any longer 
as the volume on complete swelling In water. 

[0027] The bioreactor carrier according to the present Invention has a degree of volumetrte swelling in water as 
represented by the formula (HI) in the range of preferably 120 to 3000%, partlcularty preferably 150 to 1000% : 

40 

degree of volumetric swelling In water (%) = { volume upon 
complete swelling in water (cm^) /volume on bone dryness (cm^)) 

45 

X 100 (III) 

[0028] The degree of volumetric swelling in water as defined above, when being less than 120% , causes unreason- 
ably low water absori^ability leading to a fear of deteriorating the adhesion of microbes, whereas the degree of volu- 
so metric swelling in water, when being more than 3000% , brings about a tendency to markedly decrease the physical 
strength of the canier. In the present invention, the bone dryness is the dryness where the weight does not change 
any longer when dried at 1 00*^0, and the volume upon complete swelling in water is the volume which does not change 
any longer when immersed in pure water at 25*C. 

[0029] The size and shape of the bioreactor earner in the present invention are not specifically limited, but the canier 
S5 is preferably in the form of regular hexahedron, column, sphere or chip having a unifomi size. Specifically preferable 
fomis are a regular hexahedron of 1 to 10mm in side, a column of 1 to 10mm in diameter and 1 to 10mm In length and 
a sphere of 1 to 10mm in diameter 

[0030] The bioreactor canier according to the present invention can be efficiently produced by any of the processes 
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according to the present invention as described in the following. 

(1 ) a process wherein the inorganic filler is not added at the time of producing the water swellable thennoplastic resin, 
but is added at the time of melt molding; (2) a process wherein the Inorganic filler is added at the time of producing the 
water swellabte thennoplastic resin, followed by melt molding without adding the same; (3) a process wherein the 
5 inorganic filler is added at the time of producing the water swellable thennoplastic resin, and is also added at the time 
of melt molding. 

[0031] The inorganic filler to be added at the time of producing and/or molding has already been described, respec- 
tively in the section of the component (B). 

[0032] The melt molding is carried out by heat melting the mixture of the components (A) and (B) and extruding the 
10 same into the form of strand(8tring) by the use of an extruder, and thereafter cutting the resultant strand Into a proper 
length. For the purpose of enhancing the adhesivity of animal cells, plant cells and microbes, the mixture of the com- 
ponents may be incorporated with inorganic powder such as activated carbon, carbon powder and zeolite in addition 
to the inorganic filler for modifying the specific gravity. It is also possible to adhere the aforestated Inorganic powder 
to the surface of the strand extruded from the extruder, followed by cutting the same. The bioreactor earner according 
« to the present invention which is obtained by the foregoing manner has water swelling properties, high hydrophillclty, 
properties of accumulating a large quantity of water and high affinity for animal cells, plant cells, microbes and/or 
protozoans. The bioreactor earner is used by adding itself In a culture solution and water to be treated in each of which 
animal cells, plant cells, microbes and/or protozoans are present. Owing to extremely high affinity for living matters 
the bioreactor carrier allows animal cells, plant cells, microbes and/or protozoans to adhere to the surfaces thereof 
20 and proliferate there. In particular, the carrier preferentially allows strongly tacky animal cells, plant cells, microbes 
and/or protozoans such as ammonium oxidizing bacteria, nitrite oxidizing bacteria, other bacteria for nitrifying ammonia, 
denitrifying bacteria and filamentous bacteria to adhere and to be bindingly Immobilized onto the surfaces thereof. 
[0033] The bioreactor earner according to the present invention, which has high shearing resistance, enables efficient 
agitation by means of an impeller agitator or the like In a state that a large number of animal cells, plant cells, microbes 
. 25 and/or protozoans each serving as biological catalysts are densely Immobilized onto the outside surface of the carrier. 
[0034] In addition, the bioreactor earner the specific gravity of which Is controlled within a specific range enables 
unlfonn flow of liquid in a reactor and efficient proceeding of microbe reaction and the like. 

[0035] In the following, some description will be given of a process for the denltrification treatment of organic waste 
water according to the present invention. 
30 [0036] In a process for the denltrification treatment according to the present invention, use is made of the above- 
mentioned bioreactor carrier of the Invention as a carrier for immobilizing microbes In the case of nitrifying and deni- 
trifying nitrogenous components in organic waste water. 

[0037] Ammonia nitrogen in waste water is converted to nitrate nitrogen by the nitrifying bacteria present in activated 
sludge, while the nitrate nitrogen is converted to gaseous nitrogen by the denitrifying bacteria so that the nitrogen Is 

35 released into the atmosphere. Due to extremely low breeding rate, nitrifying bacteria are present at a relatively low 
concentration in suspended mterobes group, namely activated sludge. Accordingly, It is Impossible for conventional 
activated sludge process used for general waste water treatment to sufficiently treat ammonia nitrogen. 
[0038] There exist In activated sludge, such bacteria as having a high breeding rate including BOD digesting bacteria. 
Thus it follows that BOD digesting bacteria predominantly proliferate to suppress the proliferation of the bacteria having 

40 a low breeding rate such as nitrifying bacteria. Consequently, concentration of nitrifying bacteria is low at all times. The 
bioreactor cannier according to the present invention, when applied to such a system, causes nitrifying bacteria to 
adhere to even smooth surfaces of the carrier because of their strong tackiness, but causes microbes that are devoid 
of strong tackiness such as BOD digesting bacteria to be less prone to adhere to smooth surfaces thereof. Conse- 
quently, it follows that nitrifying bacteria predominantly proliferate at a high concentration on the surface of the carrier, 

45 whereby the ammonia nitrogen is biological treated by the function of the nitrifying bacteria thus proliferated In an 
extremely efficient manner In a high rate. 

[0039] It has been confirmed thatthe bioreactor can-ier according to the present invention, which has physk^al strength 
and durability that can withstand a long-tenn mechank:al agitation and besides, has a high molecular gel structure 
upon swelling by water absorption, is capable of fimily binding Immobilizing denitrifying bacteria without installing an 

so uneven portion. In addition, the carrier to be used in the present invention, which is usable in both nitrification step as 
an aerobic condition and denltrification step as an anaerobic condition, is applicable to a variety of denitrifying activated 
sludge process. In particular, as compared with various carrier addition/recycled nitrification/denltrificatlon process in 
whk:h different carriers are separately added to an anaerobic tank and an aerobic tank, respectively, and thus coun- 
tercurrent carrier return is needed, the process according to the present Invention dispenses with the distinction be- 

ss tween an anaerobic carrier and an aerobic carrier and can perfomn carrier return In the same manner as nitrifying liquid 
circulation. What is more, the present process is well suited for various intermittent aeration method and oxidation ditch 
method whk^h have hitherto few examples of adding a carrier. 

[0040] It Is nxade possible in the process according to the present Invention, for Instance, to alternately and repeatedly 
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make use of the same microbe carrier In both the nitrification condition and denitrification condition by a method com- 
prising supplying waste water to be treated continuously or intennittently into a treatment tank, and alternately and 
repeatedly switching the treatment conditions between the nitrification condition and denitrification condition in a state 
that the bioreactor carrier is retained in a treatment tank. In this case there is no restriction on the number of cycles or 

s one cycle time for aerobic and anaerobic cycles. 

[0041] Inan exampleof adding a mterobecanierto denitrifying activated sludge process unit, there exists the problem 
in that long-temi acclimatization Is necessary in the eariy stage of operation. A solution thereagainst has hitherto been 
contrived by the use of an entrappingly Immobilized carrier. Nevertheless, by using the microbe earner under both 
environments including aerobk; and anaerobic conditions in the process according to the present invention, it is made 

10 possible not only to obtain the mterobe carrier Imparted with nitrtffcatlon and denitrification performances, but also to 
accelerate the rise in an eariy stages of nitrification and denitrification as compared wUh the case of acclimatization 
under either condition only, thereby enabling to shorten the acclimatization term. 

[0042] When the mfcrobe canier tp be used in the present process is acclimatized in a coexistence of activated 
sludge under an aerobic condition wherein nitrifying bacteria are proliferated, the nitrifying bacteria are thickly grown 

IS on the surface of the carrier, and also protozoa such as ciliates are thickly grown thereon as If they cover the bacteria . 
It has been found by the present inventors ttiat when ttie aerobe condition is switched to the anaerobic condition 
wherein denitrifying bacteria are proliferated, the denitrifying bacteria are adsorised onto the carrier and thereby are 
firnily immobilized thereon. It has been confirmed that this phenomenon is not limited to one cycle only, and that both 
the rises of nitrification and denitrification performances are accelerated at every time the aerobic and anaerobic con- 

so ditions are alternately repeated. It is considered to be related to cohesive force among the microbes themselves and 
the denitrifying bacteria being so-called anaerobic. 

[0043] In the following, the present invention will be described more specifically with reference to the drawings. 
[0044] FIG.1 is a simplified process flow diagram showing one embodiment of a nitrifying denitrifying apparatus 
according to the present invention. In FIG.1, a biotreatment tank 1 is equipped inside with an air diffusion pipe 2, an 

25 agitation impeller 4 and further a microbe carrier 12. When the inside of the biotreatment tank 1 Is brought to an aerobic 
condition, an aeration pump 3 is operated and air is blown therein through the air diffusion pipe 2 to carry out aeration. 
[0045] When the inside thereof is brought to an anaerobic condition, an agitation motor 5 is operated to operate the 
agitation Impeller 4 so as to mix raw water (waste water to be treated), activated sludge and the canier 12 in the 
biotreatment tank 1 , while the raw water is allowed to flow into the biotreatment tank 1 from a raw water tank via a 

30 liquid transfer pump 7. In-espective of aerobic or anaerobic condition, organic matters in the raw water are decomposed 
by the activated sludge in the biotreatment tank 1 and the microbe which is immobilized on the can-ler 12, and simul- 
taneously organonitrogen components are decomposed into ammonia nitrogen. 

[0046] Subsequently upon becoming aerobic state, by the action of the nitrifying bacteria bonded to the carrier 12, 
. the ammonia nitrogen fc)egins to be oxidized and converted to nitrate nitrogen and nitrite nitrogen. Subsequently upon 
35 becoming anaerobic state denitrifying bacteria predominate on the surface of the canier 1 2, so that the nitrate nitrogen 
and the nitrite nitrogen are finally decomposed Into nitrogen gas by the action of the bacteria. The denitrifying treatment 
Is put into practice by continuously or intemnittently supplying tiie biotreatment tank 1 witti raw water and alternately 
repeating the aerobic state and anaerobic state. 

[0047] The treated waste water flows out through overflow from the biotreatment tank 1 to a settling tank 9, while 
40 the carrier 1 2 is made to always stay in the biotreatment tank 1 by a canier separation screen 8, whereby the microbe 
concentration in the biotreatment tank 1 is maintained at a high level irrespective of the flow rate of tiie raw water. The 
activated sludge is separated from the treated waste water by gravity settling In the settling tank 9, and thus only the 
treated waste water is discharged from a discharge line 1 1 to tiie outside of the treatment system. The activated sludge 
thus settled is retumed to the biotreatment tank 1 via a sludge return pump 1 0 so as to maintain the MLSS concentratfon 
45 therein. The denitrifying bacteria and nitrifying bacteria having a low proliferating rate are maintained at high concen- 
trations by the carrier 1 2, whereby tiie sludge control In the present process Is more easy titan In conventional standard 
processes. 

[0048] As described hereinbefore, the process according to the present invention enables nitrification and denitrifi- 
cation of carrier addition system by intermittent aeration without exchanging tiie microbe carrier. Without being confined 
so to ttie intemnittent aeration, the process Is applbable to various recycled nitrifkatfon/denitrification process, oxidation 
ditch process and the like. 

[0049] In summarizing the effect of the present invention, the bioreactor can'ier is imparted with water swelling prop- 
erties, a specify gravity controlled within a specifk; range and high physical strength; enables microbial reactions and 
enzymatic reactions to be effectively perfonmed; and moreover is readily producible. The use of the bioreactor earner 
S5 as a microbe immobilizing canier In the case of nitrifying and denitrifying nitrogenous components in organic waste 
water with microbes, enables to efficientiy treat the waste water by deniti-ification. 

[0050] In the following, the present invention will be described in more detail witti reference to comparative examples 
and woricing examples, which however shall not limit tiie present invention tiiereto. 
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[0051] Measurements were made of the specific gravity of the carrier thus obtained upon swelling in water and the 
degree of volumetric swelling in water thereof in the following manner 

(1 ) Specific gravity upon swelling in water 

[0052] By regarding the volume which did not change any longer when a sample was Immersed in pure water at 
25»C as the volume upon complete swelling in water, from which specific gravity thereupon was detemiined. 

(2) Degree of volumetric swelling 

[0053] Degree of volumetric swelling was detenruned from the foregoing fomnuia (111) 

[0054] With regard to the inorganic filler used therein, barium sulfate powder had a particle diameter of 0. 1 to 1 5 \im, 
an average particle diameter of 9.0 jim and a specific gravity of 4,3; and silica powder had a particle diameter of 7.0 
to 40 Jim, an average particle diameter of 15.0 \im and a specific gravity of 2.2. 

Reference Example 1 

[0055] In a reaction kettle equipped with an agitator was placed 1 00 parts by weight of polyethylene glycol having a 
number average molecular weight of 2000 as the long chain diol compound Then preliminary heating was carried out 
at 110'C for one hour in an atmosphere of nitrogen so as to release the moisture in the polyethylene glycol, and 
thereafter the reaction kettle was set to a temperature of 130'C. Subsequently in the reaction kettle was added 25 
parts by weight of 4, 4'-diphenylmethane diisocyanate as the diisocyanate compound under stimng at 130*C for 2 
hours to prepare a prepolymer. Subsequently 1 .1 9 part by weight of 1 , 4-butanediol as the chain length extender was 
added with stimng at 130*0 for one hour. After the completion of the reaction, the prepolymer was cast onto a vat 
which had been subjected to releasing treatment, followed by heating treatment at 100*C for 4 hours to obtain water 
swellable thennoplastlc polyurethane resin. 

Reference Example 2 

[0056] The themioplastic polyurethane resin prepared in Reference Example 1 was allowed to cool, then crushed 
into small pieces, heat melted at 1 80 to 230'*C by the use of an heating extruder under shearing force applied thereto, 
and extruded through the nozzles of the extruder to prepare strands of 2.5mm in diameter. The strands thus obtained 
were cut into columnar carrier of 2.5mm in length. The resultant carrier had a speclfk: gravity upon swelling in water 
of 1 .012 and a degree of volumetric swelling of 850%. 

Example 1 

[0057] The procedure In Reference Example 2 was repeated to prepare a earner, except that 1 00 parts by weight 
of water swellable thermoplastic polyurethane resin which was crushed into small pieces was blended with 43 parts 
by weight of silica powder, and the resultant blend was heat melted in the same manner as therein. Thus measurements 
were made of the specific gravity upon swelling in water and degree of volumetric swelling in water each for he earner 
thus obtained. The results are given in Table 1 . 

Example 2 

[0058] The procedure in Reference Example 2 was repeated to prepare a earner, except that 1 00 parts by weight 
of water swellable themioplastic polyurethane resin which was crushed into small pieces was blended with 86 parts 
by weight of silica powder, and the resultant blend was heat melted in the same manner as therein. Thus measurements 
were made of the specific gravity upon swelling in water and degree of volumetric swelling in water each for the carrier 
thus obtained. The results are gh^en in Table 1 . 

Example 3 

[0059] The procedure In Reference Example 2 was repeated to prepare a carrier, except that 1 00 parts by weight 
of water swellable themioplastic polyurethane resin which was crushed into small pieces was blended with 100 parts 
by weight of barium sulfate powder which had been subjected to dehydrating treatment in advance, and the resultant 
blend was heat melted in the same manner as therein. Thus measurements were made of the specific gravity upon 
swelling in water and degree of volumetric swelling In water each for the canier thus obtained. The results are given 
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in Table 1 . 
Example 4 

{0060] The procedure in Reference Example 1 was repeated to prepare a water swellable thermoplastic polyurethane 
resin, except that 100 parts by weight of barium sulfate powder was blended at the time of preliminary heating in 
preparing the prepolymer based on 100 parts by weight of polyurethane resin to be obtained by synthetic reaction and 
thereafter, the procedure in Refierence Example 2 was repeated to prepare a earner. Thus measurements were made 
of the specific gravity upon swelling In water and degree of volumetric swelling in water each f orthe carrier thus obtained. 
The results are given in Table 1 . 



Table 1 





at Resin Preparation Time 


at Molding Time 


Carrier 


Inorganic filler 


Inorganic filler 


Specific gravity on 
swelling in water 


Degree of 
volumetric 
swelling in water 
(%) 




Kind 


Parts by wl 


Kind 


Parts by wt 






Example 1 
Example 2 

Example 3 
Example 4 
Reference 
Example 2 


BaS04 


100 


silica 
silica 
BaS04 


43 
86 
100 


1.043 
1.083 
1.082 
1.082 
1.012 


520 
480 
650 
590 
710 


{Remarks} Parts by wl: parts by weight per 1 00 parts by weight of res 

drated barium sulfate 


n,BaS04: barium su 


fate, BaSQA: dehy- 



Example 5 ( nitrification denltrification test for carrier) 



[0061] By the use of the canier which had been obtained in Example 2 and the nitrification denltrification apparatus 
as Illustrated in FIG.1 , the raw water having the following composition was subjected to intemnittent aeration treatment 
under the following operation conditions: 



Composition of raw water 


Concentration (mg/L) 


glucose 


61.8 


L-glutamic acid 


61.8 


Ammonium chloride 


93.2 


KH2PO4 


4.3 


CaCl2»2H20 


46.3 


MgS04»7H20 


32.4 


ZnCl2 


0.208 


FeS04»7H20 


1-0 


EDTA*2Na 


1.8 


CuS04*5H20 


0.51 


MnCt2*4H20 


0.072 


Na2Mo04»2H20 


0.05 


CoCl2»6H20 


0.008 



Oper ation c onditions 
[0062] 

Volume of biotreatment tank: 20 liters 
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Carrier: 4 liters of carrier in Example 2 

Aeration cycle: one cycle was constituted of 3 hours of aerobic aeration at a dissolved oxygen concentration of 
: 6mg/L, and 3 hours of anaerobic aeration under agitation with an agitation impeller. 
Raw water flow rate: added at 6.67 Uhr (BOL/day) only during anaerobic aeration 
Retention time: 6.0 hour 
Nitrogen concentration in raw water 30mg-N/L 
Nitrogen load: 0.12 kg-N/im3-tank»day 

Sludge return: returned so as to attain MLSS concentration of 2000 mg/L 
Water temperature: regulated to 22*C 

[0063] In Table 2 are given the average water qualities of the treated water on and after 60th day from the start of 
the test. 



Table 2 





Raw water 


Treated water in Example 5 


Treated water In Comp. Example 1 


T-BOD (rng/L) 


100 


4.0 . 


5.8 


T.N(mg/L) 


30 


2.4 


5.9 


NH4-N (mg/L) 


24.4 


<0.1 


1.8 


NO3 'N+ NO2 -N (mgA.) 


ND 


1.0 


3.9 



Comparative Example 1 ( nitrification denitrification test without the use of a carrier) 



[0064] The procedure in Example 5 was repeated to carry out the Intemnittent aeration test except that none of canier 
was added to the biotreatment tank and the MLSS concentration was set to 3000 to 3500 mg/L. The average water 
qualities of the treated water on and after 60th day from the start of the test are given in Table 2. 
[0065] In this test, sludge floatation was observed in the settling tank on and after 1 0th day from the start of the test, 
and the suspended sludge flowed out The water qualities of the treated water in both the nitrification and the denilri- 
fk:ation steps was not stable, showing a T-N removal rate of about 80%. 



Claims 

1 . A bloreactor carrier comprising a (A) water swellable thenmoplastic resin and (B) at least one inorganic filler which 
Is added thereto at the time of producing and/or molding said resin and whfeh is selected from the group consisting 
of barium sulfate, siltea, kaolin, quarts sand, diatomaceous earth, barite, talc, alumina, titanium dioxide and iron 
oxides, with the proviso that any of barium sulfate, kaolin, diatomaceous earth and talc, when being added thereto 
at the time of molding, is subjected to dehydrating treatment in advance, characterized in that the specific gravity 
of sard canier on swelling in water is controlled within the range of 1 .02 to 1 .35. 

2. The bioreactor carrier according to Claim 1 , wherein the water swellable thermoplastic resin as the component (A) 
is water swellable thennoplastk: polyurethane resin. 

3. The bloreactor canrfer according to Claim 1 , wherein the inorganic filler as the component (B) has an average 
parttele diameter In the range of 0. 1 to 50 \im and a specific gravity of at least 1 .5. 

4. The bloreactor canier according to Claim 2, wherein the inorganic filler as the component (B) has an average 
particle diameter in the range of 0.1 to 50 \m\ and a specific gravity of at least 1 .5. 

5. The bioreactor carrier according to Claim 1 , comprising 100 parts by weight of the component (A) and 1 to 250 
parts by weight of the component (B). 

6. The bioreactor carrier according to Claim 2, comprising 100 parts by weight of the component (A) and 1 to 250 
parts by weight of the component (B). 

7. A process for producing a bioreactor earner the specific gravity of which on swelling in water is controlled within 
the range of 1.02 to 1.35, comprising the steps of blending at least one inorganic filler selected from the group 
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consisting of barium sulfate, kaolin, diatomaceous earth, talc, eacti of which has been subjected to dehydrating 
treatment, silica, quarts sand, barite, alumina, titanium dioxide and iron oxides with a water sweilable thermoplastic 
resin; thereafter heat melting the resultant blend; extruding the molten blend through an extruder into the form of 
strand; and continuously cutting the strand. 

8. A process for producing a bioreactor canier the specific gravity of which on swelling in water is controlled within 
the range of 1.02 to 1,35, comprising the steps of blending at least one inorganic filler selected from the group 
consisting of barium sulfate, silica, Icaolin. quarts sand, diatomaceous earth, barite, talc, alumina, titanium dioxide 
and iron oxides atthetime of producing a water sweilable thenmoplastic resin from reactants of said resin; thereafter 
heat melting the resultant blend; extmding the molten blend through an extruder into the fomi of strand; and con- 
tinuously cutting the strand. 

9. A process for producing a bioreactor carrier the specific gravity of which on swelling in water Is controlled within 
the range of 1 .02 to 1 ,35, comprising the steps of blending at least one inorganic filler selected from the group 
consisting of barium sulfate, silica, kaolin, quarts sand, diatomaceous earth, barite, talc, alumina, titanium dioxide 
and iron oxides at the time of producing a water sweilable thennoplastic resin from reactants of said resin; further 
blending said at least one inorganic filler with the. resultant blend with the proviso that any of barium sulfate, kaolin, 
diatomaceous earth and talc, when being added thereto, is subjected to dehydrating treatment in advance; there- 
after heat melting the further blend; extmding the molten blend through an extruder into the form of strand; and 
continuously cutting the strand. 

10. A process for denitrifying treatment of organic waste water which comprises nitrifying and denitrifying nitrogen 
components in the organfc waste water with microbes by the use of the bioreactor carrier as set forth In any of the 

Claims 1 to 6. 

11 . The process for denitrifying treatment of organic waste water according to Claim 1 0, wherein use is made of the 
bioreactor earner as set forth in any of the Claims 1 to 6 in both a nitrifying step and a denitrifying step alternately 
and repeatedly. 
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Fig. 1 
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